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[57] ABSTRACT 

A programmable bootstrap loader device for loading or 
transferring programs into the main memory of a com- 
puter system includes a processor-peripheral interface 
for decoding instructions of the computer system and 
for generating control signals to operate peripheral 
equipment coupled to the system. An alterable or pro- 
grammable memory stores a set of instructions which 
makes up a bootstrap loader program, is not lost when 
power to the system is shut off. An alterable memory 
access circuit is coupled between the processor-peri- 
pheral interface and the alterable memory to enable an 
operator to alter discrete instructions of the stored boot- 
strap loader program. 

4 Claims, 11 Drawing Figures 
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without needing a paper tape or a fixed ROM. The 
PROGRAMMABLE BOOTSTRAP LOADING invention allows particular instructions included in the 

SYSTEM bootstrap program to be quickly and simply altered 

™ ™. before or after the program is entered into the main 

STATEMENT OF GOVERNMENT INTEREST 5 memory . A , the „ me time, ihe bootstrap loader device 
The invention described herein may be manufactured of Applicants* invention retains a nonvolatile bootstrap 
and used by or for the Government of the United States program viable after power is shut ofF to enable a later, 
of America for governmental purposes without the rapid re-initialization of a computer system, 
payment of any royalties thereon or therefor. 

10 SUMMARY OF THE INVENTION 

BACKGROUND OF THE INVENTION A wl . 

A programmable bootstrap loader apparatus is pro- 
The invention disclosed and claimed herein pertains vided for loading or entering software into the main 
generally to bootstrap loader programs and associated memory of a computer system. The apparatus includes 
equipments for use in a computer system to enable a computer processor-peripheral interface means for 
changing or alteration of discrete program instructs 15 decoding instructions generated by the processor or 
The invention further pertains to bootstrap loader CPU of the system and also for generating control sig- 
equtpment which is nonvolatile, i.e., which retains a na]s which te equipment coupled to the 

boot^rap program when the computer system power is ^ us ? urther 7 nc r udes arable mem- 

turned off that otherwise erases all software stored in ' m „ onc ^/J; •„„ „ k~*.** m « i " j ! " 
the system's main memory. 20 or > means for stor ' n fi a bootstrap loader program and 

A data processing or computer system performs spec- ^ terable memo ? *f?f # ? elnl ™% X * betw I een the 
ified functions by storing a number of programs iTa Processor-peripheral interface and the alterable mem- 
system main memory, and appropriately directing a ory ■decttvdy altering discrete instructions of the 
system central processing unit (CPU). Consequently, a stored bootstrap loader program, 
procedure is included in the initialization of the com- 25 Preferably, the alterable memory access means has a 
puter system for entering a bootstrap loader into the means for reading some or all of the instructions making 
system main memory. Since a bootstrap loader is a U P a bootstrap loader program from the alterable mem- 
program which directs the CPU to load other programs orv mto tne main memory in response to a single in- 
into a main memory from floppy discs, magnetic tape, struction provided by the processor. Consequently, the 
or like sources, all system software except the bootstrap 30 bootstrap program may be transferred into the main 
program is automatically loaded by routine CPU opera- memory very rapidly. Preferably also, the alterable 
tion. memory means includes a non-volatile storage means so 

In a number of conventional systems, a bootstrap that a stored bootstrap loader program is unaffected 

loader program is entered into a main memory by means when the computer system loses its power and is avail- 

of a keyboard or a paper tape reader/punch. For exam- 35 able for rapid re-initialization of the computer system 

pie, to enter a bootstrap program into the main memory when power is restored. 

of a minicomputer such as the Varian V73, a high speed In a preferred embodiment, the alterable memory 

paper tape reader is coupled to the I/O bus and a boot- means has a number of selectively configured alterable 

strap loader control in the CPU is energized. The hard- or programmable ROM devices for storing bootstrap 

wired load control is capable of generating enough 40 i oade r program instruction data. The memory access 

control signals, the bootstrap loader program, to cause mea ns for this embodiment includes read and write 

successive instructions on the tape to be read off the raode controls for determining whether data is to be 

tap* and mto the main memory written imQ Qr fefld Qf ^ m 

^S£FSS^^l^ y t exp fT e . P T *■* 45 ory address, data, and internal controls, which are re- 
peripheral device whether or not such device has any i , _., , 

oTher use in the computer system operation. Also, shJ Th y T"? ? ^ * * ' 
a paper tape reader is an electromechanical device an l wnte mode <r ontr ° ,s ' # . . . , , 
having many moving parts and a slow rate of operation As an alternative the present invention includes a 
time is lost from computer operation. A further disad- 50 com P uter svstem whlch includes a CPU, a mam mem- 
vantage in a paper tape bootstrap loader system is its ory ' ftrst and second P^Pneral devices, and a means for 
vulnerability to a main memory power loss that erases interconnecting the CPU, memory and peripherals. The 
all software, including any previously entered bootstrap first P en P h eral device is a storage disc or magnetic tape 
loader program, is from the main memory. Additional device, from which programs or other software may be 
time is then lost in reinitializing the main memory by 55 read int0 tne main memory by the CPU when the main 
means of a paper tape reader. memory contains a bootstrap loader program for direct- 
In order to overciome the above volatility problem, a m 8 tne CPU. The second peripheral device includes 
prior art device includes a set of fixed or "hard-blown" alterable or adjustable Arm ware apparatus which is 
read only memories (ROMs) configured to have a par- structured to contain the bootstrap loader program, 
ticular bootstrap program that is invulnerable to a main 60 The CPU includes hard- wired means for reading the 
memory or system power loss. However, changing bootstrap program out of the second peripheral and into 
even a single instruction in the set program takes hours main memory when the computer system is initialized. 

of time to obtain and substitute new ROM's. rtP ,,^„„ _ 

Through their invention, the Applicants provide a OBJECTS OF THE INVENTION 

programmable or alterable bootstrap loader peripheral 65 An important object of the present invention is to 

device. This device can be employed with any conven- significantly reduce the time required to load programs 

tional data processing or computer system to rapidly or other software into the main memory of a computer 

enter a bootstrap program into a system main memory, system by means of a bootstrap loader. 
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Another object is to retain a bootstrap loader pro- the peripheral storage devices such as a floppy disc of 

gram for a computer system in a form which is unaf- disc memory 22 or a magnetic tape of tape deck 24. 

fected when power is cut off from the computer system, The bootstrap loader program is entered into the 

and which enables required software to be rapidly main memory of the minicomputer, such as a Varian 

loaded or reloaded into system main memory when 5 V73, by providing the CPU with a bootstrap loader 

power is restored. circuit 26. Circuit 26 includes a hardwired controller 

Another object is to provide a bootstrap loader sys- that is energized by a manual reset to generate control 
tern which achieves the above objectives, and which signals which are capable of directing successive boot- 
additionally enables individual instructions of a boot- strap program instructions from a high speed paper tape 
strap program to be frequently and simply varied or 10 reader into the main memory. However, in order to 
altered eliminate the need for a paper tape reader a programma- 

Another object is to eliminate the need for a paper We bootstrap loader device 28 is coupled to I/O bus 18. 

tape reader, or other electromechanical peripheral de- The bootstrap loader device 28 is structured so that 

vice, in a bootstrap loader system. successive instructions making up a bootstrap loader 

These and other objects of the invention will become « P ro £^™ y *^^^^ 

more readily apparent from the ensuing specification keyboard *>> .^« h " U " P 

l VZ ♦ *u .. i*u j row : nM program may include 64 discrete 16-bit length mstruc- 

when taken together with the drawings. PJP^ ^ instruction format 0 f minicomputer 12. 

BRIEF DESCRIPTION OF THE DRAWINGS When controller bootstrap loader circuit 26 is ener- 

- . . , i t_ . * r 20 sized, an instruction for operating device 28 reads out 

FIG. 1 is a block diagram showing an embodiment of ' "\ , " ^ . 6 . tiC 

r u. * w a ui«v^ 6 © . the bootstrap loader program into main memory 16 and 

the invention employed in a data processing or com- ^ £ t £ ough l/Q bus 18 

puter system. Referring further to FIG. 1, a power source 30 is 

FIG. 2 is a block diagram^© wing the embodiment of a swUch 32 {Q provi(Je ^ re . 

the invention employed in FIG. 1. w quirements of of ^ elements of computer system 

FIG. 3 is a schematic diagram showing a computer 1Q incIuding the requirements of main memory 

I/O control for the embodiment of FIG. 2. 16 When the main memory loses power, either because 

FIG. 4 is a schematic diagram showmg a function Qf ft deliberate opening of switch 32 or unexpected 

decoder for the embodiment of FIG. 2. failure of power source 30, all stored software including 

FIG. 5 is a schematic diagram showing a write select ^ (ne ^^trap loader program, is erased; however, the 

circuit for the embodiment of FIG. 2. bootstrap loader program continues to be stored in 

FIG. 6 is a schematic diagram showing a load address programmable bootstrap loader device 28, and may be 

control for the embodiment of FIG. 2. quickly reentered into the main memory by once again 

FIG. 7 is a schematic diagram showing write se- energizing bootstrap loader circuit 26. 

quence logic for the embodiment of FIG. 2. 35 While the bootstrap program stored in loader device 

FIG. 8 is a schematic diagram showing a read mode 28 is unaffected by power loss, an operator may change 

control for the embodiment of FIG. 2. a particular instruction simply by depressing the appro- 

FIG. 9 is a schematic diagram showing alterable priate keys of keyboard 20. 

non- volatile ROM elements M1-M4, which together Referring to FIG. 2, there is shown programmable 

comprise the alterable memory of the embodiment of 40 bootstrap loader device 28 receiving I/O bus 18. Oper- 

FIG. 2, FIG. 9 further showing an alterable memory a t m g instructions for device 28 and data words are 

address control for the embodiment of FIG. 2. coupled through bus 18 between programmable loader 

FIG. 10 is a schematic diagram showing alterable device 28 and minicomputer 12. An operating instruc- 

ROM elements M1-M4 and an alterable memory inter- tion includes an address for selecting a particular loca- 

nal control for the embodiment of FIG. 2. 43 tion in alterable memory 34 of the loader device, and 

FIG. 11 is a schematic diagram showing alterable further includes a function code specifying a function to 
ROM elements M1-M4 and an alterable memory data be performed thereby. In a very useful implementation 
control for the embodiment of FIG. 2. of a memory 34, a data word coupled through I/O bus 
™ WWVW ^ VT _ 18 comprises one-half of an instruction included in a 

uv f^^^SSSSS!^ 50 loader prograra for coraputer system * 

PREFERRED EMBODIMENT memory 34 therefore being capable of storing 128 8-bit 

Referring to FIG. 1, a data processing or computer data words, 
system 10 includes a minicomputer 12, such as the Va- An operating instruction coupled through I/O bus 18 
rian V73. The minicomputer is provided with a central to device 28 from CPU 14 is received by computer I/O 
processing unit (CPU) 14 and a main memory 16 for 55 control 36, which responds thereto by selectively gen- 
solving problems or for performing other data process- erating control signals DTIX, DTOX, SYRT-, EXT, 
ing tasks under the direction of various programs stored and SERX-. DTIX indicates that data is to be read out 
in main memory 16. An input/Output bus 18 also is of alterable memory 34 into main memory 16. DTOX 
included in the computer system to enable data transfer indicates that data is to be written into memory 34. 
between the minicomputer and peripheral devices such 60 STRT- and EXT are reset and enabling signals, respec- 
as a keyboard 20, disc memory 22 or magnetic tape deck tively. SERX- is a test signal, coupled to CPU 14 to 
24 which may be employed in the computer system. inform CPU 14 of the operational status of loader de- 

When the minicomputer performs a task according to vice 28. 
a particular program, the minicomputer is initialized by The function code of an operating instruction cou- 
entering a bootstrap loader program into main memory 65 pled to device 28 is received by function decoder 38, 
16. CPU 14 then is operated under the direction of the which responds thereto by selectively generating con- 
bootstrap loader program to load the particular pro- trol signals SEL ADR, WRITE, READ, AUTOREAD 
gram or programs into the main memory from one of and SBY. When an SELADR (select address) signal is 
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generated by decoder 38, loader device 28 sets the ad- control 48 generates a read mode signal RM, At the 
dress lines Ao-Aj of memory 34 to the address of the conclusion thereof, control 48 generates an increment 
operating instruction currently on the I/O bus. When a address signal RING Timing signals RA-RC are se- 
WRITE (write) control signal is generated by decoder quentially generated during a single read cycle. 
38, loader device 28 operates to write a data word into 5 When function decoder 38 generates an AUTO- 
memory 34, a data word comprising, as aforemen- READ signal simultaneously with the generation of 
tioned, one-half of one of the instructions in a bootstrap DTIX, read mode control 48 commences a cycle to 
loader program. A particular instruction in a bootstrap read an entire 64 instruction bootstrap loader program 
loader program stored in memory 34 may thereby be into main memory 16. During an AUTOREAD cycle, 
readily altered, whereby memory 34 is a programmable 10 read mode control 48 performs 128 single read cycles, 
memory. When a READ (single read) signal is gener- alterable memory address control 50 being incremented 
ated by decoder 38, a single data word is read out of by one at the end of each such single read cycle, 
memory 34 into main memory 16, whereby a discrete In order to write data into, or read data out of, mem- 
instruction of a bootstrap program may be readily ory 34, data I/O control 52, coupled between IO bus 18 
changed or altered in main memory 16. When an 13 and data input/output terminals of memory 34, receives 
AUTOREAD (automatic read) control signal is gener- a signal WREN. Data transfer is enabled at the end of a 
ated, all of the 64 instructions comprising a bootstrap cycle by signals WL- and LD-, coupled to control 52 
loader program stored in memory 34 (and therefore all from alterable memory internal control 54. Internal 
128 data words therein) are rapidly and automatically control 54 is operated by inverted read mode and write . 
read into main memory 16. 20 mode signals RM- and WM-, respectively, start write 

An SBY (standby) signal is generated by decoder 38 sequence signal SWS, reset write sequence RWS, and 
when loader device 28 is not in operation. timing signals WA-WF and RA-RC. 

FIG. 2 also shows the function code received by In order to reset respective components of loader 
write select circuit 40 of device 28, which cooperates device 28, a bootstrap loader reset 56 is shown in FIG. 
with load address control 42 and write sequence logic 25 2, which receives the SBY control signal from decoder 
44 to form a write mode control 46. Write mode control 38 and the computer system reset signal SYRT- to pro- 
46 generates signals which, together with signals gener- vide reset signal SST-. 

ated by a read mode control 48, direct the operation of Referring to FIG. 3, there is shown computer I/O 
alterable memory address control 50, which receives control 36 receiving an operating instruction through 
the address of an operating instruction generated by 30 I/O bus 18, the instruction including bits EBOO-EB14. 
CPU 14. Address control 50 is coupled to address lines In the instruction format of computer system 10, bits 
A0-A5 of atlerable memory 34 to select discrete storage EB00-EB05 are address bits, and bits EB06-EB08 corn- 
locations therein. prise the aforementioned function code. I/O control 36 

Write control 46 and read control 48 also generate additionally receives control signals FRYX-I, DRYX-I 
signals which together control the operation of data 35 and SYRT-I, which are respectively coupled through 
I/O control 52 and alterable memory internal control inverters SSa-d to provide signals FYRX, DRYX and 
54. Data control 52 regulates the writing of data into SYRT-. SYRT- is employed as a system reset, 
and the reading of data out of selected locations in alter- Address bits EB00-EB05 comprise the respective 
able memory 34. Internal control 54 is coupled to mode inputs to AND gate 6O4 and are coupled to AND gate 
lines CA, MCI, and MC2 of memory 34 to direct the 40 60b along with signal FRYX, to provide signal FRAD. 
internal operation thereof. FRAD is AND gated with control bit EB13 by means 

When an SELADR (select address) control signal is of AND gate 60c the output thereof being coupled to 
generated by function decoder 38, load address control J-K flip flop 62a to provide control signal DTIX. Signal 
42 is operated to generate an inverted load address DTIX is a standard control signal generated , by corn- 
signal, LOAD-. The inverted load signal is inputted to 45 puter system 10 when data is to be read into main mem- 
memory address control .50, which thereupon selects ory 16 from a system peripheral device. Similarly, 
the location in alterable memory 34 having the address FRAD is AND gated with control bit EB14 by means, 
of the operating instruction currently on I/O bus 18. of AND gate 604 the output thereof being coupled to 
The SELADR function may thereby be used to enable J-K flip-flop 62b to provide control signal DTOX. 
CPU 14 of minicomputer 12 to specify a particular 30 DTOX is the standard control signal generated by corn- 
location memory 34. puter system 10 or write data into a peripheral from 

When function decoder 38 generates a WRITE sig- main memory 16. J-K flip flops 62a and b are clocked by 
nal, write select circuit 40 generates an inverted write control signals FRYX and DRYX, through OR gate 64. 
mode signal, WM-. If computer I/O control 36 is simul- Referring further to FIG. 3, there is shown the output 
tanepusly generating signal DTOX, write select 40 also 35 of AND gate 60* and control bit EB11 coupled to 
provides a write enable signal, WREN, which is cou- AND gate 60e, to provide enabling bit EXT. 
pled to write sequence logic 44, to commence a write When I/O control 36 is in operation, it is necessary to 
operation, or cycle. Write sequence logic 44 receives provide notice thereof to CPU 14. Control 36 therefore 
the clock of computer system 10, SCLK, and provides couples test signal SERX-I to CPU 14 to enable CPU 14 
output signals SWS- (inverted start write sequence), 60 to sense the operational status of loader device 28. The 
WINC (write increment), RSW (write sequence reset) sense instruction is generated by coupling the output of 
and timing signals WA-WF. AND gate 6O0 to AND gate 60/ the other input thereof 

When decoder 38 generates a READ signal, concur* being control bit EB12. The output of gate 60/ is cou- 
rently with a DTIX signal from I/O control 36, read pled to NAND gates 66a and b, the combined outputs 
mode control 48 commences a cycle to read a single 65 thereof comprising test signal SERX-I. The other input 
date word, or one-half of a bootstrap loader instruction, to NAND gate 660 is provided by yhe BRDY- (in- 
out of a selected location in memory 34 and into mem- verted buffer ready) output of read mode control 48. . 
ory 16.. At the start of a single read cycle, read mode The other input to NAND gate 66b is provided by the 



05/11/2004, EAST Version: 1.4.1 



4,430,704 

7 8 

output of AND gate 60g, the inputs thereto comprising T9 t comprising a two millisecond clock, is coupled to 

the function code EB06-EB08 and the RDY output of the clock terminal of flip flop SOe, and output T4 t a 3 1 

alterable memory internal control 54. microsecond clock, is coupled to the clock terminal of 

Referring to FIG. 4, there is shown function decoder flip flop 90/ Consequently, 15.6 microseconds after the 

38 receiving function code bits EB06-EB08, together 5 SWS signal is generated, timing signal WA occurs, 

with enabling signal EXT, coupled thereto through an which also enables flip flop 80& Two seconds thereaf- 

inverter 68. Function decoder 38 usefully comprises a ter, timing signal WB occurs, enabling flip flop 80c In 

conventional semiconductor decoding device. like manner, timing signal WC occurs 15.6 microsec- 

Referring to FIG. 5, there is shown write select 40 onc js after signal WB, WD occurs 15.6 microseconds 

provided with a write select flip flop 70, which is set by 10 a f tcr wc, WE occurs two milliseconds after WD, and 

the WRITE control signal from decoder 38. Write s j gna i W F occurs 31 microseconds after signal WE. 

select flip flop 70 provides write mode and inverted To conclude a write cycle, the output of flip flop 80*. 

write mode signals, WM and WM-, respectively, the W £, and the inverted output of flip flop 80/ WF-, are 

write mode signal being coupled to AND gate 72a coupled to NAND gate 84. When WF goes high, signal 

AND gate 72a also receives signals DTOX and DRYX 15 RSW . ( jnvC rted reset write) is generated, which is cou- 

from I/O control 36 to generate write enable signal pled t0 writc nip flop ^ generating SWS- to clear 

WREN. The write mode signal is also coupled to AND g2 RSW? is dso ^upled directly to an input of 

gate 12b, the output thereof comprising BRDYW AND gate 88, and also to another input thereof through 

(buffer ready write), which indicates the optional invert ers 90, to generate a write increment pulse 

status of write mode control 46. AND gate 72b also 20 WINC 

receives the SWS- (inverted start write sequence) signal nip ^ ^ b re8et b <Mel ^ 

from write sequence logic 44, and the output of AND Referring to FIG. 8, there is shown read mode con- 

I ' ™J n S2L to C ° mpnSing ftmct,on trol 48 provided with read flip flop 94, which is set 

code bits EB06^EB08. when a READ control signal is generated by decoder 

Referring further to FIG 5, there is shown write 23 ^ h R£AD ^ ^ coupled to flip flop 94 

select flip flop 70 being reset by to through AND gates Wa and b. Upon being set, flip flop 

loader reset 56. Reset 56 usefully comprises AND gate „ ^ *^ mode ^ RM, which enables flip 

Ivpt T °^rZf tTnutn^L^ flop 96a in a series of flip flo>96a-c The outputs of flip 

SYRT-, the computer system reset, the output there- ^ . _ . *V a i. OAD r *-*~J* 

from comprising loader device reset signal SST-. 30 ?°P* ^ comprise timing signals RA-RC, respec- 

b t^-~ viri * « uh »HHr«c tively, which are coupled to memory internal control 54 

Referring to FIG. 6, there is shown load address " ^ £ ^. f J ^ mem0 ry 34 

control 42 provided with a flip flop 74, which is set by " u . 1 w Mlc , ^ 7^ \1 

control signal SELADR from decider 38. Upon being *™T a single read ^ /"^ "» *°P 

•et,theADRoutputoffli P flop74bcoupledto^input ^Jj^Ll^i^ RB P ? 

of NAND gate 76, the other inputs thereto comprising 35 ™ b [ ed «V tom P« "f 1 * 1 . , . „ t 
signals DTOX and DRYX of I/O control 36. The out- It has been found that tollable mternal control 54 to 
pit of NAND gate 76 comprises the inverted load ad- mcmor y 34 to word there 

dress signal, LOAD-. As aforementioned, the LOAD- out of and into main memory 16, it is necessary to se- 
signal causes alterable memory 34 to be addressed by quentiaUy generate Uming signals R^-R, at regular in- 
the address of the operating instruction currently on 40 tervals whwh may be 7.8 micro^nds. This pimply 
I/O bus 18. It will be noted that flip flop 74 is reset by "*"*ed b > cloc * n 8 ° f thc fln > fl °P* ^ b > 
signal SST means of system clock SCLK. 

Referring to FIG. 7, there is shown write sequence , order to coordinate the operation of bootstrap 
logic 44 provided with write flip flop 78, which is set iotder device 28 during a read cycle with the operation 
when a write enable signal is generated by write select 43 of minicomputer U read flip flop 94 is clocked by 
40. Thereupon, flip flop 78 generates an SWS signal, control signal DTIX, and read mode signal RM is em- 
which clears each flip flop in a series of flip flops 90a-/ * generate sigud BRDY (buffer ready). Signal 

and enables flip-flop 80* The outputs of flip flops 80a-/ RM is coupled to AND gate 92c the other input thereto 
comprise timing signals WA-WF, respectively, which comprising the output of AND gate 924 which in turn 
are coupled to memory internal control 54 in order to 50 receives timing signals RA and RC The output of 
regulate the timing of alterable memory 34 during a AND gate 92c is coupled to OR gate 98a, together with 
write cycle. FIG. 7 shows each flip-flop 806-80/ en- BRDYW, (write buffer ready), which indicates the 
abled by the output of the flip-flop immediately to its operational status of write mode control 46. 
| e ft Timing signal RC and inverted timing signal RB- are 

It has been found that for an alterable memory 34 33 coupled to AND gate 92* to provide a read increment 
which comprises a configuration of conventional de- signal RINC, and an inverted read increment signal 
vices, hereinafter described, internal control 54, also RINC- through inverter 100. 

described hereinafter, properly operates memory 34 to Referring further to FIG. 8, there is shown an auto- 
write a data word thereinto if signals WA-WF occur in matic read flip flop 102, which is clocked by control 
a particular timed sequence during a write cycle. Such 60 signal AUTOREAD from function decoder 38, causing 
sequence is provided by clocking flip-flops 80a-80/by signal AUTOREAD' to be generated, through OR gate 
means of selected outputs of a conventional counter 82, 98c: AUTOREAD' signal is coupled to AND gate 92a. 
which is stepped by 7.8*i second clock pulses of the and RINC- is coupled to OR gate 98*. The other input 
system clock (SCLK). The T2 output of counter 82, to OR gate 986 comprises the number 128, in selected 
comprising a 31 microsecond clock, is coupled to the 63 coded form. Consequently, when read mode control 48 
clock terminals of flip flops 80* 80c and 804 Output receives an AUTOREAD signal from decoder 38, it is 
T20 of counter 82, comprising a two second clock, is caused to operate through 128 single read cycles. All 64 
coupled to the clock terminal of flip flop 80& Output instructions, or 128 data words comprising a bootstrap 
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loader program stored in memory 34, are thereupon each memory element from NAND gate 1106. through 

read out of memory 34 and into main memory 16. level shifters 116a -a*, respectively. 

Referring to FIG. 9, there is shown alterable memory The output of NAND gate 110c is coupled through 

34 comprising four alterable memory elements 34a-a*, AND gate 114$ to AND gate 114e, the other input to 

each having six address terminals A0-A3. Each memory 3 gate 114e comprising the inversion of signal AD06. The 

element usefully comprises an electrically alterable non- output of gate 114e comprises CAL (chip access low), 

volatile MNOS memory array, which is manufactured which is coupled to memory elements 34a and 6. The 

by Nitron, a Division of McDonnell Douglas Corpora- output of NAND gate 110c is also coupled to AND gate 

tion, and which is designated thereby as the NC 7040. 114/ the other input thereto comprising signal AD06 to 

Various operating characteristics of the NC 7040, and 1° provide CAH (chip access high), coupled to memory 

the basic structure thereof, is disclosed in a brochure elements 34c and 34a*. CAL enables elements 34a and 6 

which was copyrighted by Nitron in 1977 and printed in to store data, and CAH enables elements 34c and d to 

the U.S.A. in 8/77. By interconnecting four such alter- store data. 

able non-volatile memories, sufficient storage space is Referring further to FIG. 10, there are shown in- 
provided for all 128 of the data words which together 15 verted read mode and write mode signals RM- and 
comprise a bootstrap loader program for minicomputer WM-providing the inputs to NAND gate HOtf, to gen- 
12 * erate a RDY signal, the output of inverter 1186. Internal 
Referring further to FIG. 9, there are shown bits control 54 also provides signals LD-, the output of 
EB00-EB-6 received by address control 50, bits EB0- NOR gate 1126, and WL-, the output of NAND gate 
0-03 being coupled to an address counter register 104a 20 110/ 

and bits EB04-06 being coupled to an address counter Referring to FIG. 11, there is shown data control 52 

register 1046. Outputs a-d of register 104<j are respec- capable of receiving an 8-bit data word, when data bits 

ti vely coupled to the address terminals A0-A3 of each of EB00-7 are on I/O bus 18. The data bits are inverted by 

the alterable memory elements, through inverters respective inverters 122, are presented to input registers 

106a-106a*. Output terminals e and f of register 1046 are 124a-6 and are latched thereinto by a write enable sig- 

respectively coupled to address terminals A4 and A5 of nal WREN. Signals WL- and LD- are coupled to AND 

the memory elements, through inverters 106e and 106/ gate 128 to provide an END- signal. When an END- 

When the LOAD- signal, the output of load address signal is generated, data bits EB00-3 are respectively 

control 42, is applied to counters ltoa-b, the address ^ coupled to data input terminals DI1-DI4 of memory 

bits EB00-5 currently on I/O bus 18 are respectively elements 34a and c and data bits EB04-7 are respec- 

passed through registers 104a and b to output terminals tively coupled to input terminals DI1-DI4 of elements 

a-f thereof, whereby the address currently on bus 18 is 346-4 through level shifters 126. Data bits EB00-7 are 

applied to address terminals A0-A5 of the alterable shifted into memory elements 34a and 6 when CAL is 

memory elements. 35 present, and into memory elements 34c and d when 

When either a WINC signal occurs at the end of a CAH is present, 

write signal, or an RINC signal occurs at the end of a Referring further to FIG. 11, there are shown data 

single read signal, registers 104a-6 are incremented by bits BIR00-7 comprising an 8-bit data word which is 

one, through OR gate 108. Consequently, at the conclu- present on I/O bus 18 during a single read cycle. When 

sion of a write cycle or a single read cycle, the address 40 CAL is present, data bits BIR00-7 comprise the respec- 

coupled to the address terminals of alterable memory 34 tive data outputs DO1-DO4 of memory elements 34a 

is increased by one. and 6. Similarly, when CAH is present, data bits BIRO- 

Referring further to FIG. 9, there is shown function 0-7 comprise the respective outputs DO1-DO4 of de- 
code bit EB06 coupled to register 1046 such that bit ments 34c and d. 

EB06 may be selectively coupled through register 1046 45 Obviously many modifications and variations of the 

to provide signal AD06 on the g output terminal present invention are possible in the light of the above 

thereof. Signal AD06 is coupled to alterable memory teachings, and it is therefore understood that within the 

internal control 54 to selectively enable data transfer scope of the disclosed inventive concept the invention 

from minicomputer 12 to either memory elements 34a may be practiced otherwise than as specifically de- 

and 6 or 34c and d. The h terminal of register 1046 is 50 scribed, 

selected »o that output h goes high upon the 128th in- What is claimed is: 

crement of registers 104a-6. Output terminal h there- 1. A programmable bootstrap loader apparatus for 

fore provides the signal required to conclude an auto- loading software into the main memory of a computer 

matic read cycle of read mode control 48. system having an interconnected processor comprising: 

Referring to FIG. 10, there is shown alterable mem- 55 nonvolatile storage memory means coupled to the 

ory internal control 54 comprising a configuration of main memory and having an electrically repeatedly 

NAND gates llOo-g, NOR gates 112a-6, AND gates alterable firmware structure for storing a set of 

114a-& level shifters U6a-d. inverters U8a-6, and an instructions forming a bootstrap loader program 

800 nanosecond delay 120. Such elements are intercon- that is not lost when power to the system is lost, 

nc ted as shown in FIG. 10, and receive various control 60 said nonvolatile storage alterable memory means 

and timing signals from other components of bootstrap includes firmware means for providing a selected 

loader device 28 to selectively operate each alterable number of addressable data storage locations, and 

memory element $4a-d. Each alterable memory ele- for enabling data storage at a particular one of said 

ment includes a mode decoder having three control addressable locations to be selectively altered, 

inputs, mode control 1 (MCI), mode control 2 (MC2) 65 while preventing loss of stored data when electric 

and chip access (CA). Signals are coupled to the MCI power is cut off from the alterable memory means; 

input of each memory element from NANp gate 110a, computer processor-peripheral interface means cou- 

and signals are coupled to the MC2 mode control of pled to the main memory for decoding instructions 
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of said computer system, and for generating pe- 
ripheral control signals; and 

alterable memory access means coupled to said pro- 
cessor, to said processor-peripheral interface means 
to receive the peripheral control signals and to said 3 
nonvolatile storage memory means for selectively 
altering discrete instructions of said stored boot- 
strap loader program in response to a discrete in- 
struction provided by the processor and the periph- (0 
eral control signals provided by the processor-peri- 
pheral interface means, said alterable memory ac- 
cess means further includes means for transferring 
a plurality of instructions including said bootstrap 
loader program from said alterable memory means 15 
into said main memory in response to a single in- 
struction provided by said processor. 

2. The apparatus of claim 1 wherein said alterable 
memory access means comprises: 

write mode control means for establishing a write 20 
cycle, and for generating write control signals dur- 
ing said write cycle; 

read mode control means for establishing a read cy- 
cle, and for generating read control signals dsuring 25 
said read cycle; 

means responsive to said write and read control sig- 
nals for addressing one of said data storage loca- 
tions of said alterable memory means during each 
of said write and read cycles; 30 

means responsive to said write and read control sig- 
nals for shifting a mode level of said alterable mem- 
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ory means during each of said write and read cy- 
cles; and 

bus means coupled to the write mode control means, 
the read mode control means, the addressing means 
and the regulating means and coupling them to the 
processor and the interface means responsive to 
said write and read control signals for enabling 
data to be transferred into or out of one of said 
storage locations of said alterable memory means 
during each of said write and read cycles. 

3. The apparatus of claim 2 wherein: 

said computer processor-peripheral interface means 
includes a decoding means coupled to the proces- 
sor for selectively signalling said read mode con- 
trol means to establish a selected number of sequen- 
tial read cycles and said write mode control means 
to establish a selected number of sequential write 
cycles; and 

said read mode control means includes means for 
changing the storage content addressed by said 
addressing means at the conclusion of each said 
sequential write cycles. 

4. The apparatus of claim 3 wherein: 

said read mode control means includes means for 
incrementing an address provided by said address- 
ing means at the conclusion of each of said sequen- 
tial read cycles: 

said write mode control means comprises means for 
coupling a sequence of timing signals to said mem- 
ory internal operation regulating means during 
each of said write cycles. 
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